The conventional dividend-price ratio is highly persistent, and the literature reports mixed evidence on its role in predicting stock returns. In particular, its predictive power seems to be sensitive to the choice of the sample period. We argue that the decreasing number of firms with traditional dividend-payout policy is responsible for these results, and develop a model in which the long-run relationship between the dividends and stock price is time-varying. An adjusted dividend-price ratio that accounts for the time-varying long-run relationship is stationary with considerably less persistence than the conventional dividend-price ratio.
Introduction
Since Campbell and Shiller (1988) , a large body of research presents evidence that the dividend-price ratio predicts future stock returns. 2 However, recent empirical studies report evidence of structural breaks or instability in the return predictive regression models. For example, Goyal and Welch (2008) and Bossaerts and Hillion (1999) suggest that the coefficients of the predictive regression models are unstable, as diagnosed by their poor outof-sample predictions even in the presence of strong in-sample predictions. Rapach and Wohar (2006) and Paye and Timmerman (2006) directly test for structural breaks in the predictive regressions, and reject the null of no structural break. All these researchers document deterioration in the return predictability in the US stock market, especially since the 1990s.
In the mean time, Fama and French (2001) and Allen and Michaely (2003) document a decreasing dividend-price ratio that results from the changes in the dividend payout policy by firms. They show that the proportion of firms paying cash dividends fell from 66.5% in 1978 to 20.8% in 1999. By employing a mean-adjusted dividend-price ratio in the predictive regression model under this situation, Lettau and van Nieuwerburgh (2007) achieve improved return predictability. They argue that a failure to take into account the decrease or shifts in the mean of the dividend-price ratio is responsible for the evidence of instability in the predictive regressions and the poor out-of-sample predictive power of the dividend-price ratio reported in the literature.
Unlike most researchers who employ the conventional or demeaned dividend-price ratio as a predictor of stock return, Boudoukh et al. (2007) and Robertson and Wright (2006) recognize that, while the dividend-price ratio changed remarkably during the 1990's, the total payout ratio defined as the total payout (or dividends plus share repurchases) over price has remained relatively stable. According to them, the total payout has a stable one-to-one long-run relationship with stock price. By employing the total payout ratio in a predictive regression, they achieve improved out-of-sample return predictability.
In this paper, we directly investigate the implications of firms' changing payout policy on the long-run relationship between dividend and price and on stock return predictability.
2
The claim that stock returns are predictable is different from the argument that investment into the stock market can provide extra profits. Predictable stock returns can be viewed as an equilibrium phenomenon. For example, Campbell and Cochrane (1999) show that the time-varying risk premium can generate predictable stock returns. Cecchetti, Lam and Mark (2000) argue that stock return predictability may be attributable to distorted beliefs. Bansal and Yanron (2004) claim that stock return predictability arises from a small long-run predictable component and fluctuating uncertainty contained in consumption and dividend growth rates.
We define the firms with traditional payout policy as the firms that pay out a significant portion of their earnings in the form of dividends, and consider a measure for the proportion of the firms with traditional payout policy in the market . We first present a theoretical model in which changes in this proportion results in a time-varying long-run or cointegrating relationship between dividend and price. We then empirically test whether the adjusted dividend-price ratio that reflects a deviation from the time-varying long-run equilibrium has predictive power on stock returns.
The approach in this paper is closely related to that in Boudoukh et al. (2007) or Robertson and Wright (2006) . The two approaches may be considered two sides of the same coin. Boudoukh et al. (2007) or Robertson and Wright (2006) claim that, in the presence of increasing proportion of firms that replace dividends with share repurchases, the one-to-one long-run relationship between dividend and price breaks down. They thus consider a measure of total payout (dividends plus repurchases) that is expected to have a stable one-toone long-run relationship with stock price, and employ the total payout ratio as a predictor of stock return. On the contrary, we directly estimate a time-varying long-run relationship between dividend and price, and employ the resulting adjusted dividend-price ratio as a predictor of stock return. By doing so, we hope to overcome a potential weakness in Boudoukh et al. (2007) and Robertson and Wright's (2006) approach. As noted by Fama and French (2001) , a substantial portion of share repurchases by firms is done in consideration of employee stock ownership plans or mergers, instead of dividend payment replacement.
Besides, especially since the 1980s, there have been many firms that neither paid out dividends nor repurchased shares. Under these situations, Boudoukh et al. (2007) and Robertson and Wright's (2006) approach may suffer from the problem of measurement error in constructing the total payout ratio.
The rest of this paper is organized as follows. Section 2 presents a theoretical model, with which we discuss the consequences of changes in the payout policy by firms. Section 3 provides empirical evidence on the time-varying long-run relationship between dividend and stock price. Section 4 evaluates the predictive power of the adjusted dividend-price ratio that accounts for the time-varying long-run relationship. Concluding remarks are given in Section 5.
Disappearing Dividends and the Time-Varying Long-Run Relationship between
Dividends and Price: A Theoretical Model
Model Specification
In this section, we present a simple present-value model of stock returns, from which we can address the issues resulting from the changes in the payout policy by the firms. We assume that there exist two types of firms: i) firms with traditional dividend payout policy (type-I firms) and ii) firms that do not pay dividends or those with reduced dividend payment in an attempt to increase repurchase shares or retained earnings (type-II firms). The traditional payout policy in the present study means that a significant portion of earnings is paid out in the form of dividends. At the end of time t , the total amount of dividends paid by type-I firms is , and that paid by type-II firms is , .
, is the hypothetical amount of dividend payment that type-II firms would pay if they adopted the traditional payout policy. 
The actual dividends ( , and , ) paid out by two types of firms, along with the hypothetical dividends ( , ) of type-II firms under traditional policy, depend upon economic conditions. By letting , , and , , , 1,2, we assume:
where is a measure of economic conditions (e.g., the aggregate real output) and , 0, 1,2,3. As in Fama and French (2001) , the two types of firms that we consider have different characteristics such as firm-size, investment opportunity, growth potential, etc.
The differences in the characteristics of the two types of firms are responsible for different
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The Miller-Modigliani theorem suggests that, as long as investment policy doesn't change for type-II firms, altering the mix of retained earnings and dividend payout will not affect the firm's value and stock price.
values for the and coefficients, even under the hypothetical situation in which both types of firms adopted the traditional payout policy. Different values for the and coefficients are due to the change in payout policy by type-II firms.
Finally, by defining , and , , 1,2, as the stock price and the log of stock prices, respectively, we assume that the following present value relation holds, as derived by Campbell and Shiller (1988) :
, , 
Implications of Disappearing Dividends: Propositions Derived from the Model
We present three propositions derived from the model specified above. These propositions describe the key implications of the changes in the market proportion of type-I firms on the aggregate dividend-price ratio and on the return predictability. Proofs of these propositions are given in Appendix 1.
Proposition 1:
The conventional aggregate dividend-price ratio has a unit root ( ~I (1)) unless all firms in the market are of type-I with =1.
Proposition 1 results from the following representation of the aggregate dividend-price ratio obtained from the model: is the fraction of the actual dividends paid out by type-I firms in the market. Note that the last three terms in equation (6) have a unit root. These terms would disappear if all firms in the market were of type-I, where we would have a stationary dividend-price ratio with . With the presence of both types of firms in the economy, we have a unit root in , due to the last three terms in equation (6). Furthermore, the proportion of the unit root component in depends upon .
Proposition 2:
The aggregate dividends and stock price are cointegrated with a time-varying long-run relationship of the form: ,
where ; is stationary and a function of , , 1,2,3.
If all the firms in the economy were of type-I ( 1), we would have 1,
and the conventional dividend-price ratio would be stationary as in Proposition 1. Otherwise, the parameter ( ) describing the long-run relationship between and is a function of , the fraction of type-I firms in terms of the market value of common equities.
Proposition 3:
An adjusted dividend-price ratio, which accounts for the time-varying long-run relationship between dividend and price, is a function of future expected returns, as illustrated below:
where is the aggregate stock return; , is the average ; is a constant that results from the linearization approximation; and is the average of and .
Discussion
Propositions 1 and 2 confirm Boudoukh et al. (2007) and Robertson and Wright's (2006) argument, which suggests that the changes in firms' payout policy (a shift from dividend payments to share repurchases) results in a breakdown in the one-to-one long-run relationship between dividend and stock price. They thus consider a measure of total payout (dividends plus repurchases) that is expected to have a stable one-to-one long-run relationship with stock price in the presence of changing payout policy. However, a considerable portion of smallsized firms have neither paid out dividends nor repurchased shares especially since the 1980s.
Besides, as Fama and French (2001) demonstrate, a substantial portion of share repurchase has taken place in consideration of employee stock ownership plans or mergers. These considerations lead us to suspect that even the total payout may not have a one-to-one longrun relationship with stock price. This is why we explicitly and directly consider a timevarying long-run relationship between dividend and stock price in this paper.
Proposition 3 establishes the possibility that the adjusted dividend-price ratio ( ), or a stationary deviation from the time-varying long-run cointegrating relationship, has predictive power on the aggregate stock return ( , 1,2,3, …). In the presence of type-II firms which do not pay out dividends, , not , may be employed as a regressor in the predictive regressions. In the case that the fraction of type-I firms in the market changes over time, so does the parameter. Thus, estimation of the parameter is an important empirical issue in this paper.
The propositions in the previous sub-section also have an important implication on the recent findings of the literature, which report sensitivity of stock return predictability to the choice of the sample period. Suppose that the dynamics of , the fraction of type-I firms in the market, is given by:
1, if ; and 0, if where is the structural break point. Proposition I suggests that, when ω 1 and ω 1, is stationary before the structural break and it has a unit root after the structural break. Thus, in a predictive regression that employs the dividend-price ratio as a regressor, the coefficient estimator would always converge in probability to zero for the postbreak sample, regardless of the true predictive nature of . This is because the regressor ( ) may have a unit root in the post-break sample, while the dependent variable (stock return) is always stationary. In fact, Paye and Timmermann (2006) and Rapach and Wohar (2006) document structural breaks in the return prediction models, suggesting that the predictive power of the has disappeared since the 1990s. In the meantime, Fama and French (2001) and Allen and Michaely (2003) document that a measure of ω has declined substantially below one since the 1990s. weighted market portfolio as well as those for large-sized, medium-sized, and small-sized firms. 7 All measures of fluctuate around 0.9 between 1946 and the early 1980s, and they decline sharply since the early 1980s. Note that measure for small-sized firms is lower than those for large-and medium-sized firms most of the period. Besides, it has higher volatility than the other two. 
Time-Varying

Time-Varying Persistence of the Dividend-Price Ratio
We examine the implications of Proposition 1, which states that the log of contains a unit root component, the relative size of which depends upon the fraction of type-I firms ( ). As decreases below 1, the unit root component in becomes more pronounced, making a more persistent process. This implies that it will be more difficult to reject the unit root null hypothesis for process, as decreases. We run the following Augmented Dickey-Fuller (ADF) regression equation recursively to examine this implication:
The first regression is run using a 30-year data set that starts in January 1946 (j=0), and the 6 The web address for French's homepage is http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/. 7 The cut-off values of market values for each size (large, medium, and small) are taken from Kenneth French's homepage, http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/. 8 We note that the dynamics of in terms of market value (Figure 1 ) is similar to that in terms of the number of firms (depicted in Figure 2 of Fama and Frech (2001) 
, , ,
where adf is the ADF t-statistic for a unit root test and 0,1,2, … , . , coefficients indicate that, as decreases, increases toward one and the ADF statistic gets closer to zero, making it more difficult to reject the unit root null hypothesis.
Time-Varying Long-Run Relationship between Dividends and Stock Price
Proposition 2 states that, even though and move together in the long-run, their long-run relationship is not one-to-one. Rather, the long-run relationship between and is time-varying and dependent upon the fraction of type-I firms in the market ( ). We first test the null hypothesis of constant cointegrating vector, by employing the test procedures proposed by Park and Hahn (1999) . We employ two types of test statistics proposed by Park and Hahn (1999) :
, where ̂ is the residual from a regression of on superfluous regressors such as a constant,
, and , and is a long-run variance estimator of in (A.7) of Appendix 2. Based on the asymptotic distributions derived by Park and Hahn (1999) , the 5% critical values for the and statistics under the null hypothesis are given by 7.82 and 0.31, respectively.
As shown in Table 2 , the null hypothesis of constant long-run relationship is rejected regardless of the test statistics employed and regardless of the firm sizes. coefficients from a regression of on , along with their 95% confidence bands. As shown in Figure 2 , the coefficient on , or the cointegrating vector, gradually declines, with a few large swings during the post World War II period for the aggregate stock market data.
We note that the dynamics of the cointegrating vector are closely related to that of the fraction of type-I firms depicted in Figure 1 . The tight relation between the time-varying cointegration parameter ( ) and the fraction of type-I firms ( ) can be also ascertained by the regression of on a constant and . The results are not reported to conserve space but are available upon request.
Adjusted Dividend-Price Ratio and Predictive Regressions: Empirical Results II
In-Sample Analysis of Return Predictability
In this section, we empirically test the implications of Proposition 3, which suggests that the adjusted dividend-price ratio ( ), a stationary deviation from the time-varying long-run relationship, has predictive power on stock returns.
We first compare the time-series properties of the conventional dividend-price ratio ( ) and . Figure 3 plots the two series. Summary statistics for these series are provided in Table 3 . As in the literature, the conventional dividend-price ratios are highly persistent with autocorrelations being close to one. The null hypothesis of a unit root cannot be rejected. In the mean time, the adjusted dividend-price ratios reveal much less persistence than . Furthermore, even when the bootstrapped p-values are used to incorporate the pre-testing procedure to identify the time-varying cointegration parameter, the null hypothesis of a unit root is rejected regardless of the firm sizes. The only exception is for large firms.
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The predictive regression we employ is given by:
where , is the cumulative stock return at between time t+1 and t+i, i=1,2,…,k;
is either or . The estimates of the coefficient reported in Table 4 are 10 Even though the unit root null hypothesis is not rejected by the bootstrapped p-values for large firms, is still much less persistent than .
based on OLS regressions of equation (13). Based on the p-values from the Hodrick tstatistics 11 or the bootstrapped p-values, we find only weak evidence of in-sample predictability of the conventional dividend price ratio, even though the evidence is stronger for large firms and aggregate returns. However, the adjusted dividend-price ratio provides strong evidence of in-sample predictability for all firm sizes and at all horizons. Furthermore, bootstrapped p-values for a joint test of return predictability for one through six-year horizons also suggest strong predictive power of the adjusted dividend-price ratio.
Out-of-Sample Analysis of Return Predictability
Goyal and Welch (2008) and Bossaerts and Hillion (1999) suggest that the presence of strong in-sample prediction performance does not necessarily lead to significant out-ofsample prediction performance. We thus compare the out-of-sample performances of the predictive regressions that employ or , relative to that of the random walk with drift model.
Out-of-sample predictions with are formed based on the following regressions:
t=1,2,..,t ,
, ,
Based on equation (14), we first estimate the time-varying vector and estimate the adjusted dividend-price ratio ( ) for t=1,2,..,t . We then estimate equation (15) via the ordinary least squares method using the estimated adjusted dividend-price ratio. Finally, we form the out-of-sample prediction by
We repeat the above procedure for 1975.12 -2008.12. Notice that we run recursive regressions for both regression equations (14) and (15). The first predictive regression is run using 30-year's monthly data that starts in January 1946. That is, the first 1975.12, adding one month observations at a time for the estimation of parameters and for the prediction of stock returns.
We compare the out-sample performance of the predictive regression with 11 Ang and Bekeart (2007) report that the Hodrick standard errors perform better than the Newey-West standard errors in the long-horizon predictive regressions. With the use of the Hodrick standard errors, p-values based on the asymptotic distribution and bootstrapped distribution are quite close to each other, which is consistent with Ang and Bekeart (2007) .
(or ) against that of a random walk with drift model. The Clark and West (2007) test is employed for this purpose. The null hypothesis is that two competing forecasting models have equal predictive power. Goyal and Welch (2008) .
However, when is employed as a regressor in the predictive regressions, the Clark-West statistics are significant at the 10% level or above at one-year through five-year horizons for large-sized firms and the aggregate returns. For small and medium firms, they
are statically significant at all horizons considered in this study. In summary, the model that employs as a predictor significantly outperforms the random walk model, in terms of out-of-sample predictability. These results are robust with respect to the firm size.
Comparison of Predictive Power: Adjusted Dividend-Price Ratio and Total Payout
Ratio Boudoukh et al. (2007) and Robertson and Wright (2006) document that, as part of the changes in firms' payout policy in the US since the early 1980s, many firms have replaced dividend payments with share repurchases. By defining the payout as the sum of dividends and share repurchases, they show that the payout yield or the payout ratio has strong and stable predictive power for future stock returns. In this section, we examine the predictive power of the payout ratio as employed by Boudoukh et al. (2007) , and the results are compared to the case of the adjusted dividend price ratio considered in this paper.
By employing the data on net payout yield, 12 which are constructed by Boudoukh et al. (2007) , we estimate the predictive regressions. The in-sample results are shown in the first panel of Table 6 . At horizons longer than two-year, the coefficients on net payout yield ( ) are not significant at the 5% significance level. Furthermore, the joint hypothesis that the net 12 Net payout yield is defined as the sum of dividend yield and net repurchase yield. Note that net repurchases identify the repurchases that are not related to employees' stock option exercise. Refer to Boudoukh et al. (2007) for the exact definition of the net payout yield. The data for the net payout yield is obtained from Michael Roberts' homepage (http://finance.wharton.upenn.edu/~mrrobert/). payout yield has no predictive power at one-year through six-year horizons is not rejected.
These results are consistent with Boudoukh et al. (2007) . However, note that the coefficients on the adjusted dividend-price ratio ( ) are significant at the 1% significance level at all horizons considered. The joint hypothesis that the adjusted dividendprice ratio has no predictive power at one year through 6 year horizons is rejected at the 1% significance level. That is, the adjusted dividend-price ratio has better in-sample predictive power than the net payout yield. The comparisons of the out-of-sample predictive performances are shown in the lower panel of Table 6 . Note that both the net payout yield and the adjusted dividend-price ratio seem to have comparable predictive power for future stock returns at all horizons considered.
The results in this section suggest that the adjusted dividend-price ratio considered in this paper does as good a job as the net payout yield, in reflecting gradual changes in the payout policy and in forecasting future stock returns. Note that not all firms repurchase shares as dividend payment replacement and some firms skip dividend payment in order to have more retained earnings. Under these situations, the total payout ratio or the net payout ratio is subject to measurement errors. We believe that the approach presented in this paper (based on the adjusted dividend-price ratio) is less subject to these concerns.
Summary and Conclusion
We present both the theoretical and the empirical frameworks for analyzing the implications of changing dividend payout policy by the firms on the long-run relationship between the dividend and the stock price. The theoretical model that we develop suggests that the parameter describing the long-run relationship is time-varying and dependent upon the fraction of firms with traditional payout policy.
A failure to consider this time-varying long-run relationship results in highly persistent dynamics in the conventional dividend-price ratio. The adjusted dividend-price ratio that accounts for the time-varying long-run relationship is stationary with much less persistence than the conventional dividend-price ratio, and has predictive power on the stock returns at long horizons. That is, we show that the predictive regression model that employs the adjusted dividend-price ratio outperforms the random walk model or the log net payout yield as in Boudoukh et al. (2007) , both in and out of the sample. denotes the cointegration coefficient between and , and the gradual changes in can cause to depend on time as well. We denote the sample size by and let so that is a smooth function defined on [0, 1]. 14 While estimating, no functional form is imposed for . The only assumption required for is that it is sufficiently smooth to be approximated by a series of polynomials, trigonometric functions, or a mixture of both.That is, we assume that 0 as ∞, where is an approximation of given by a combination of a finite series of functions , … , .
Since ∑ , the above econometric model can be expressed as:
where , , … , , and , … , .
If and are stationary series, then we can establish the asymptotic normality of the LS estimator for in equation (2) and chi-square tests (see Andrews (1991) ).
However, as and are nonstationary, we apply the canonical cointegrating regression (CCR) approach, which was developed by Park (1992) , for equation (2) 1975.12 -2008.12 . Notice that we run recursive regressions for both regression equations. The first predictive regression is run using 30-year's monthly data that starts in January 1946. That is, the first 1975.12, adding one month observations at a time for the estimation of parameters and for the prediction of stock returns. The Clark-West Test statistics (Clark and West (2007) ) is used to compare the forecast ability. A significant positive value of the Clark-West Test statistics indicates that the first model (the predictive regression with either or ) has superior predictive ability to the second model (the random walk model). '**', and '***' denote the significance level at the 5%, and 1% level, respectively. Boudoukh et al. (2007) . The in-sample analysis and out-of-sample analysis are conducted by the same ways in Tables 4 and 5 indicates that the first model (the predictive regression with either or ) has superior predictive ability to the second model (the random walk model). Both analyses are conducted with aggregate stock returns due to the availability of the total net payout yield. '**', and '***' denote the significance level at the 5%, and 1% level, respectively. The results for are from the results for the aggregate stock market in Tables 5 and 6 
